Introduction
comprised 13,006 contigs with a contig N50 length of 625.11 Kb, ~9.32 times longer 139 than the previously reported genome assembly of C. sinensis var. sinensis cv. 140 Shuchazao (CSS-SCZ) (~67.07 Kb) that was assembled by Illumina reads and then 141 filled gaps with PacBio single-molecule long reads (Wei et al., 2018) and 31.32 times 142 longer than C. sinensis var. assamica cv. Yunkang-10 (CSA-YK10) (19.96 Kb) that was 143 assembled by Illumina reads only (Xia et al., 2017) (Table 1) (Figure 1; Supplementary Table 6 ). Our 150 results showed that 98.22% of NGS reads could be unambiguously represented with an 151 expected insert size distribution spanning 98.44% of the assembled genome, indicating 152 a high confidence of genome scaffolding ( Supplementary Table 7 ). We further applied 153 CEGMA (Core Eukaryotic Gene Mapping Approach) (Parra et al., 2007) to assess the 154 quality of the genome assembly. CEGMA assessment showed that 227 of 248 core 155 eukaryotic genes (91.53%) were completely assembled, and only 9 genes (3.63%) were 156 partially presented ( Supplementary Table 8 ). We finally assessed core gene statistics Supplementary Table 9 ). 162 We annotated approximately 2,164.89 Mb (~74.13%) of repetitive sequences in 163 the CSS-BY genome assembly (Supplementary Figure 3A ; Supplementary Table 10 ). 164 The total content of repetitive sequences in the CSS-BY genome is apparently larger 165 than the formerly reported CSS-SCZ genome assembly (~64.77%, 2,008.28 Mb) (Wei Supplementary Table 10 ). We annotated 32,367 full-169 length LTR retrotransposons in the CSS-BY genome, which are ~2.5 times more 170 abundant than CSS-SCZ (13,119) ( Supplementary Figure 3D ; Supplementary Table   171 11). All these results together demonstrate that, besides the possibility of genome size 172 variation among tea tree cultivars, high-quality PacBio-only CSS-BY genome assembly, 173 has improved the detection of repeat content when compared to the previous NGS-174 based genome assemblies (CSA-YK10 and CSS-SCZ) ( Supplementary Table 10 ). 175 We combined ab initio prediction and transcriptome sequence alignments from Tables 12-13). Using rigorous filter parameters, we totally predicted 40,812 protein-179 coding genes (Table 1) , of which 34,722 (85.08%) genes were supported by 180 transcriptome-based evidence ( Supplementary Table 14 ). The average gene length 181 and exon number were 6,263 bp and 5.2 per gene, which are much higher than those in 182 CSS-SCZ with 4,053 bp and 3.3 per gene, respectively ( Table   191 15). For miRNAs, a total of 2,016 miRNA target sites were predicted using 192 psRNATarget server (Supplementary URLs). The annotation using GO and KEGG 193 databases showed that these miRNA target genes were enriched in signaling (GO: Figure 8 ). We annotated 1,673,577 simple sequence repeats (SSRs), which may 198 provide valuable genetic markers to assist future tea tree genetic improvement programs 199 ( Supplementary Table 16 ; Supplementary Figure 9 ). 200 Comparative analyses of the CSS-BY and CSS-SCZ genome assemblies 201 surprisingly detected only 16,313 collinear genes (21.80% in a total of 74,822 genes) 202 at the scaffold level using MCScanX (Wang et al., 2012) ( Supplementary Table 17 ). 203 Such an unbelievably low genome collinearity between the two varieties of C. sinensis Supplementary Tables 19-21 ; Supplementary Figures 13-16 ). However, fewer copy 242 numbers were annotated in CSS-BY than CSS-SCZ for four gene families (CHS, ANR, 243 SCPL1A and SAMS) ( Supplementary Table 18 ). Taking SCPL1A, for example, we 244 only annotated 10 members in CSS-BY but 22 in CSS-SCZ. A phylogenetic analysis 245 indicates that some branches in CSS-SCZ had more copies than CSS-BY, which had low 246 expression levels (FPKM < 1) (Wei et al., 2018) ( Supplementary Figures 13 and 16 ;
247 Supplementary Table 19 ). This does not exclude the occurrence of false positives of 248 redundant genes caused by short reads generated from the Illumina sequencing platform 249 for a highly heterozygous tea tree genome. Our results suggest that the long-read CSS-250 BY genome assembly has undoubtedly promised a reliable annotation of almost all gene 251 families in tea tree.
252
The long reads generated for the SMRT-based CSS-BY genome assembly guarantee 253 to identify almost all transposable elements (TEs), revealing the highly repetitive nature of the tea tree genome (Figure 1; Supplementary Figure 3A families with more than 10 copies contained 75% full-length LTR retrotransposons 266 and occupied 36.47% of the genome, 328 comprised 2-9 copies, and 8,405 were single-267 copy families ( Supplementary Table 22 ). A total of 13,172 Ty3-gypsy and 4,630 Ty1-268 copia RT sequences were extracted to construct phylogenetic trees (Figure 2A and 2B) , (Figure 2B; Supplementary Figure 20) , while Ale, 273 TAR, GMR, Maximus Angela, and Ivana of Ty1-copia all retained full-length LTR 274 retrotransposons suggesting ing that Ty1-copia has always experienced a long and slow 275 amplification history (Figure 2A; Supplementary Figure 20) . The repetitive nature of Supplementary Table 22 ). 287 The availability of the best CSS genome assembly of CSS-BY so far permits us to 288 investigate how LTR retrotransposons evolve in the tea tree genome. We combined RT 289 sequences from the two major varieties of tea tree, CSS-BY and CSA-YK10, by adding Supplementary Table 10 ; Supplementary Table 22 ). The failure to assemble the 298 recently generated retrotransposons by using Illumina short reads for the CSS-SCZ 299 genome assembly is evidenced by the detection of a small portion of full-length LTR 300 retrotransposons inserted within the past 1 Myr (Supplementary Figures 18-19) . In Figures 20-21) . Besides the 308 largest family TEL001 that increased to a total of 4,062 full-length LTR 309 retrotransposons (~6.2-fold more than those annotated in the Illumina-based CSS-SCZ 310 genome assembly) during the last 1 Myr (Supplementary Figures 3D and 3E ; Figure   311 3A; Supplementary Table 22 ), a small number of other multi-copy families belonging 312 to the Tat lineage (e.g., TEL002, TEL003, TEL006, TEL007, TEL008, TEL011 and 313 TEL012) have also expanded to large quantities that dominate the CSS-BY genome. The 314 finding is consistent with the rapid growth of the TL001 family in CSA-YK10 ( Table 22 ). We surprisingly observed that the Tekay lineage of Ty3-gypsy (e.g., TEL005, 318 TEL021 and TEL022) and nonautonomous LTR retrotransposon families (e.g., TEL004 319 and TEL010) (Supplementary Figures 20-21; Supplementary Table 22 ), accounting 320 for ~10.41% and ~16.81% of the genome, respectively (Supplementary Figure 3A) , 321 were in turn predominant to recently affect dynamic variation of the genome size 322 (Supplementary Figure 3E) . The retrotransposon abundance is expectedly governed 323 by recent activities of multi-copy LTR retrotransposon families, but it is of great interest 324 to observe fairly recent insertions from a large number of single-copy LTR 325 retrotransposon families (Supplementary Figure 22) . 326 The degree to which non-autonomous LTR retrotransposons impede the 327 proliferation of autonomous retroelements has key evolutionary impact on the genome 328 size (Zhang and Gao, 2017). We found a rapid and recent propagation of more than 329 4,000 nonautonomous elements (Figure 2C) . Of them, some were derived from 330 autonomous Ty3-gypsy or Ty1-copia families that have slowly lost internal protein-331 coding genes. However, it is difficult to determine counterpart autonomous families 332 for others . The TEL001 family was selected as an exemplar to show that partial and/or 333 complete loss of internal protein-coding genes has resulted in a quick increase of (Figure 3B and 3C; Supplementary Figure 23) . Group 1 contained 451 copies with (Figure 3B) . In addition to such nonautonomous 345 elements derived from Ty3-gypsy or Ty1-copia source families, there were many 346 nonautonomous families, such as TEL004, which is a very young family that has 347 undergone a large number of recent insertions (Supplementary Figure 21) . There were 348 also many low-copy and single-copy nonautonomous families reproduced most 349 recently, together making the recent inserted nonautonomous elements far exceed Ty3-350 gypsy or Ty1-copia copies (Figure 2C; Supplementary Figure 22 Supplementary Table 23 ). ~63.59% of illumina 356 reads mapped to multi-copy nonautonomous LTR retrotransposons families (e.g.,
357
TEL004, ~45.88%; TEL013 ~7.03%; TEL019, ~2.45%) exhibited notably high levels 358 of gene expression than Ty1-copia and particularly Ty3-gypsy families in multi-copy 359 families (Figure 2D; Supplementary Table 23 ). Proteins (including gag, PR, RT and 360 IN domains in pol) necessary for the retrotransposition were further annotated using 361 Pfam (Finn et al., 2013) . Surprisingly, ~94.23% of the expressed LTR retrotransposon-362 related transcripts were nothing related to encoding gag and pol genes and only 5.77% 363 of the retrotransposon-related transcripts mapped to at least one of above-mentioned 364 genes ( Supplementary Table 24 ). Our findings thus offer one more case that recently 365 increased non-autonomous LTR retrotransposons with high expression levels may limit 366 the efficiency by reducing the supply of enzymes needed for a successful 367 retrotransposition (Zhang and Gao, 2017) .
368
In conclusion, we have first generated a highly contiguous and accurate tea tree 369 genome assembly of C. sinensis var. sinensis cv. Biyun using SMRT technology, which 370 is much more improved compared to the formerly reported genome assembly of C. 371 sinensis var. sinensis cv. Shuchazao. This effort has added one more successful example 372 that sequencing the highly repetitive and heterozygous and relatively large tea tree 373 genome may be achieved using high-depth long SMRT reads to resolve ambiguous 374 genomic regions harboring predominantly repetitive sequences. Such a high-quality 375 genome assembly of the tea tree is timely and will therefore be welcome to the broad 376 tea research community, which is essential to enable researchers to accurately obtain 377 functionally significant gene families that not only involve in the biosynthesis of 378 numerous metabolites (e.g., catechins, theanine and caffeine) but also determine 
